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Fruit, vegetable consumption and blood pressure in healthy adolescents: A
longitudinal analysis from the LabMed study
Abstract
Background and aims: The associations between fruit and vegetable consumption and high blood
pressure among adults are well studied. Nonetheless, data on the influence of a low consumption of fruit
and vegetables on cardiovascular disease risk, particularly blood pressure, among healthy adolescents
are scarce. Therefore, we aim to analyse the associations between fruit and/or vegetable intake and
blood pressure over a two-year period in healthy adolescents. Methods and results: As part of a cohort,
606 adolescents from the LabMed Physical Activity study were evaluated in 2011 (baseline) and 2013
(follow-up). Blood pressure was measured according to standardized procedures and fruit and vegetable
consumption was assessed with a food frequency questionnaire. Anthropometric variables,
socioeconomic status, pubertal stage and lifestyle determ inants were gathered and used as conf
ounders. Prospective associations between fruit and/or vegetable intake and blood pressure were
examined using generalized linear models. Girls who consumed more fruit at baseline had a significant
decrease in diastolic blood pressure at follow-up [unstandardized beta: 0.005 mmHg (95%CI: 0.01;
0.0002) (p Z 0.038)]. Conclusion: In apparently healthy adolescents, fruit intake may already start to have
an effect in blood pressure. Girls who consumed more fruit exhibited lower levels of diastolic blood
pressure.
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Abstract
Background and Aims: The associations between fruit and vegetable consumption and
high blood pressure among adults are well studied. Nonetheless, the influence of a low
consumption of fruit and vegetable on cardiovascular disease risk, particularly blood
pressure, among healthy adolescents are scarce. Therefore, we aim to analyse the
associations between fruit and/or vegetable intake and blood pressure over a two-year
period in healthy adolescents.
Methods and Results: As part of a cohort, 606 adolescents from the LabMed Physical
Activity study were evaluated in 2011 (baseline) and 2013 (follow-up). Blood pressure
was measured according to standardized procedures and fruit and vegetable
consumption was assessed with a food frequency questionnaire. Anthropometric
variables, socioeconomic status, pubertal stage and lifestyle determinants were gathered
and used as confounders. Prospective associations between fruit and/or vegetable intake
and blood pressure were examined using generalized linear models. Girls who
consumed more fruit at baseline had a significant decrease in diastolic blood pressure at
follow-up [unstandardized beta: -0.005 mmHg (95%CI: -0.01; -0.0002) p=0.038)].
Conclusion: In apparently healthy adolescents, fruit intake may already start to have an
effect in blood pressure. Girls who consumed more fruit exhibited lower levels of
diastolic blood pressure.

Keywords: adolescents; blood pressure; fruit; vegetable.
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Introduction
Increased blood pressure (BP) is a modifiable risk factor of cardiovascular
diseases and its growing importance aligns with its rising prevalence. In children and
adolescents, elevated BP prevalence ranges between 8% and 19% [1] and increases the
risk of hypertension in adulthood [2].
Adolescence is considered a vulnerable period of high BP development, because
the highest peak of BP occurs during puberty [3, 4] and most of the lifestyle habits are
established during this period [5]. Therefore, it is important to find the modifiable
determinants of elevated BP in order to implement lifestyle programs in youth to
prevent the development of hypertension.
The relationship between nutritional intake and BP has been studied [6], but this
approach does not account for the complexity of food consumption. Research found that
higher consumption of certain foods, such as fruit and vegetable, is associated with
lower systolic BP (SBP) [7, 8], in pre-puberty [9] and mainly in females [10].
Nonetheless, the exact mechanisms behind this association are not clear. Fruit and
vegetable are high in potassium and magnesium, which have been associated with BP
reductions [6]. In addition, fruit and vegetable consumption may reflect an overall
healthier dietary pattern. Therefore, changes in BP may not be attributed to the effect of
a single mineral [7, 11].
A previous prospective study with 95 children, aged 3 to 6 years, showed that
higher consumption of fruit and vegetable during early childhood, especially when
combined with dairy products, was associated with lower increases of BP during
adolescence [7]. Similar results were found in a larger sample of pre-pubertal
adolescents [9] and in older female children [12]. In a recent study, vegetable and fruit
5

intake was negatively associated to SBP and DBP, respectively [8]. Likewise,
longitudinal studies in adolescence have found that fruit and vegetable intake [10] and
vegetable (but not fruit) [13] were associated with decreases in BP in young adulthood.
Nonetheless, none of these studies investigated the independent effects of fruit and/or
vegetable on BP in a large sample of healthy adolescents, nor considered other
important confounders such as cardiorespiratory fitness.
We hypothesized that in adolescents, higher intake of fruit and/or vegetable at
baseline is negatively associated with BP at follow-up. Therefore, we aimed to analyse
the association between fruit and/or vegetable intake and BP over a two-year period in
healthy adolescents.

Methods

Study design and participants
Data for the present study was derived from the “Longitudinal Analysis of
Biomarkers and Environmental Determinants of Physical Activity (LabMed Physical
Activity Study)”. This is a school-based prospective study carried out in the North
Region of Portugal aiming at evaluating the combined effects of fitness and dietary
intake on BP. The full description of the study is reported elsewhere [14]. Briefly, 1,229
adolescents aged 12 to 18 years participated in the study and 1017 completed baseline
assessments in 2011; of those 893 (87.8% participation) and 734 subjects (72.2%
participation) were re-evaluated one and two years later, respectively. The present study
considered a sub-sample of adolescents (n=734) with information on BP measured at
baseline and at two-year follow-up (in 2013). After exclusion of the participants with
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missing information of dietary intake (n=128), 606 adolescents (314 males) aged 12 to
18 years-old were included in the final analysis (please see supplementary figure).

Ethical and legal requirements
The study was conducted in accordance with the World Medical Association’s
Helsinki Declaration for Human Studies. The Portuguese Data Protection Authority
(1112434/2011), the Portuguese Ministry of Science and Education (0246200001/2011)
and the Faculty of Sport, University of Porto, approved the study. All participants in this
study were informed of the study’s goals, and written informed consent was obtained
from adolescents and their parents or guardians.
Assessments
Dietary intake
Dietary intake was measured with a self-administered semi-quantitative food
frequency questionnaire (FFQ), which was designed in accordance with criteria laid out
by Willett [15] and adapted to include a variety of typical Portuguese food items. This
version of the questionnaire covered the previous twelve months and comprised ninetyone food items or beverage categories. For each item, the questionnaire offered nine
frequency response options, ranging from ‘never’ to ‘six or more times per day’, and
standard portion size and seasonality. In a free-response section, participants could list
any foods not listed in the questionnaire. Energy and nutritional intake were estimated
regarding to respondents’ ratings of the frequency, portion and seasonality of each item,
using the software Food Processor Plus (ESHA Research Inc., Salem, OR, US) and
including typical Portuguese foods and beverages.
Total fruit and vegetable intake was calculated as the sum of fruit and vegetable
consumed. Regarding fruit consumption, only whole fruit was included and fruit juice
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was excluded, because there may be an adverse association between fruit juice
consumption and BP [16]. Vegetable intake included vegetables, legumes and vegetable
soup, aggregated according to their nutritional similarities.

Anthropometrics
Anthropometric evaluation, was performed using standardized procedures [17].
For weight and height measurements, we used a digital scale (Tanita Inner Scan BC
532, Tokyo, Japan) and a portable stadiometer (Seca 213, Hamburg, Germany),
respectively. Height was measured according to the Frankfort plane to the nearest 0.1
cm, and body weight was measured to the nearest 0.1 kg, with the participants lightly
dressed and without shoes. Body mass index (BMI) was then computed as
weight(kg)/height(m)2. Waist circumference measurement was taken with the
adolescent in a standing position, to the nearest 0.1 cm, with a tape measure midway
between the lower rib margin and the anterior superior iliac spine at the end of normal
expiration [17]. Standard deviation scores (SDS) by age and sex were computed to all
anthropometric variables.

Blood Pressure
BP was measured after 5 min of rest, according to standard procedures [18, 19],
using a Dynamap vital signs monitor (model BP 8800, Critikon, Inc., Tampa, Florida).
Appropriate cuff size was used for child´s extremity [19]. Trained nurses performed the
assessment on the nondominant arm and with the subjects seated in a relaxed position
and with their feet resting flat on the ground. Two measurements were taken and the
arithmetic mean of both readings was considered. In cases where the two measurements
8

differed for a minimum of 10 mmHg, a third measure was taken and the first
measurement rejected [18].

Other measurements
Adolescents’ socio-economic status was assessed with the family affluence
scale. This scale was developed specifically to measure children and adolescents´ socioeconomic status in the context of the Health Behaviour in School-Aged Children Study
[20].
Pubertal stage based on secondary sex characteristics (ranging from stage I to V)
was self-assessed by adolescents, according to the criteria of Tanner and Whitehouse
[21]. Girls assessed their breast and pubic hair development and boys their genital and
pubic hair development.
The 20-metre Shuttle Run Test (20 m SRT) was used to access cardiorespiratory
fitness and VO2max was calculated [22].
The accelerometers GT1M Actigraph (ActiGraph, Pensacola, Florida, USA)
were used to obtain objective daily physical activity (PA) and sedentary behaviour over
five consecutive days (three weekdays and two weekend days). The biaxial monitor was
used according to international standards during waking hours and removed in water
activities [23]. The epoch length was set to 2 seconds to allow a more detailed estimate
of PA intensity. The program MAHUffe (please see www.mrc-epid.cam.ac.uk) allowed
the analyses of the data and periods with 60 minutes of consecutive zeros were signalled
as times in which the monitor was not worn. Raw activities, “counts”, were processed
for determination of time spent in the different PA intensities (expressed in mean
counts.min-1). The cut-points proposed by Freedson and published by Trost et al. [24]
were used to determine PA intensities.
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Statistical Analysis
Mean and standard deviations (SD) as well as median (25th-75th percentiles)
were used to describe the studied variables. One-way repeated measures Analysis Of
Variance (ANOVA) was performed to assess differences between and within-subjects
over time.
Bias in reported energy intake (misreporting) was evaluated according to the
Goldberg cut-off method adapted by Black [25]. Basal metabolic rate was computed for
each subject and the ratio energy intake and basal metabolic rate was used to define
95% confidence limits. Cut-offs were achieved taking into account mean of PA level,
number of days of dietary assessment, within-subject coefficient of variation in energy
intake, between-subject variation in PA, and variation in basal metabolism rate. The
mean PA level was calculated, from accelerometers data using counts.minutes-1 and
daily use time, reaching a mean value of 1.23 kcal.day-1. A number of 21 days of diet
assessment was considered [25]. The within-subject coefficient of variation in energy
intake was calculated considering mean and SD of energy intake and between-subject
variation in PA considered mean and SD of PA level. A figure of 8.5% was used for the
coefficient of variation of repeated basal metabolic rate measurements as suggested by
Black [25]. We achieved 0.59 and 2.61 cut-off. Adolescents with energy intake/basal
metabolic rate in this interval were classified as plausible reporters. Subjects with
energy intake/basal metabolic rate below 0.59 and higher than 2.61, were categorized as
under-reporters and over-reporters, respectively.
Associations between fruit or vegetables or fruit & vegetables consumption at
baseline and BP at follow-up were performed using generalized linear models (GLM).
Hence, BP (diastolic-DBP or systolic-SBP) at follow-up was used as dependent
10

variable, and adjustments included sex, age, height SDS, waist circumference SDS,
socio-economic status, pubertal stage, whole fruit and/or vegetable or fruit and
vegetable together) consumption at baseline, cardiorespiratory fitness, misreporting,
total energy intake, potassium, sodium and baseline measures of the dependent variable,
to maximize precision. Since there were significant interactions for sex and
fruit/vegetable intakes analyses were performed by sex.
The data analysis was performed using SPSS, version 23.0 (SPSS Inc. Chicago,
IL), with a 0.05 level of significance considered.

Results
Table 1 shows anthropometrics, socio-demographic and lifestyle characteristics
of the participants at baseline and at follow-up. During this period, the decrease in the
absolute values of DBP was similar in boys and girls (on average 3.9 mmHg). Boys at
baseline and at follow-up had a significantly higher SBP than girls (pbetween

subjects

p≤.001).

<<<<<<<<<<<<<<<<<<Please insert table 1 in here.>>>>>>>>>>>>>>>>>>>

Table 2 shows the associations of SBP and DBP levels at follow-up with intakes
of fruit and/or vegetable per day at baseline. In girls, an increase in 100g of fruit per day
was significantly associated with a decrease of 0.5 mmHg of DBP late in adolescence,
after adjustment for confounders (table 2).

<<<<<<<<<<<<<<<<<<Please insert table 2 in here.>>>>>>>>>>>>>>>>>>>
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Discussion
In this study, we analysed the relevance of fruit intake on later BP in apparently
healthy adolescents. In girls, consumption of fruit was significantly associated with a
decrease in DBP over a two-year follow-up, after adjustments for potential confounders.
In practice, an increase in one portion of fruit, such as a medium apple per day (~160g)
was associated with a 0.8 mmHg decrease in DBP in girls. These results are of clinical
significance since the elevated DBP appears to be a more consistent and independent
prognostic indicator of adult cardiovascular risk [26]. This is particularly important
because small reductions in BP may have an important public health effects [27].
Our results agree with those reported in previous studies with children and
adolescents, where there was an inverse association between fruit and vegetable
consumption and BP [7-10]. In pre-pubertal children an increase of 100g of fruit and
vegetable intake was associated with a reduction of 0.4 mmHg SBP and DBP [9].
Furthermore, another study reported that an increase of 100g of fruit per day was related
to a reduction of 0.9 mmHg in SBP in adult women [10], whereas Mellendick et al. [8]
found an inverse association between fruit intake and DBP. It seems that fruit
consumption may benefit BP because of its antioxidant level and lowering oxidative
stress effect, along with high contents of potassium, magnesium and fibre [6]. Apart
from this, the exact mechanisms by which the compounds of fruit and vegetable
influence BP are not fully understood, though it has been suggested that they may be a
mirror of a healthier pattern [7]. Indeed, some healthy dietary patterns such as the
DASH (Dietary Approaches to Stop Hypertension) diet are characterized by a high
consumption of whole grain, fruits and vegetable, low-fat dairy products, lean meat,
poultry and fish, and nuts and legumes; and previous clinical trials emphasizing this diet
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have reported an inverse association between this diet and DBP in children 5 to 8 yearsold [28].
Our study suggests sex differences in the association between fruit and vegetable
consumption and BP. The differences are in accordance with previous studies where a
pattern similar to DASH diet was associated to a decrease in DBP in girls [12]. To
explain the difference found in our study, we analysed the possibility that boys and girls
reported differently the consumption of fruit and vegetable, nevertheless, their intake
was not significantly different. It is possible that there are relevant changes in hormonal
status during puberty. Indeed, puberty onset at younger ages seems to be associated with
increases BP in boys and girls [3, 4]. A previous longitudinal study found that a
decrease in BP was associated to higher intakes of fruit and vegetable intake only in
pre-pubertal stages [9]. Therefore, we accounted for pubertal stage as a confounder in
all the analysis performed.
In our study, no independent beneficial association of vegetable consumption
was found, contrary to previous studies [8, 9, 13, 29], but similarly to what others have
reported [12]. The absence of an association of vegetable consumption on BP in this
study may be associated not only to the types of vegetable consumed, but also to its
cooking processes. Indeed, processing vegetable may change their nutritional content
and chemical composition and the type of vegetable consumed may differently
influence BP [29]. In addition, we included vegetable soup in the total vegetable intake,
and although vegetable soup is a significant contributor of the daily intake of vegetable
among Portuguese adolescents, it is also known that vegetable soup contributes up to
7% of total sodium intake [30]. Nevertheless, we repeated the analysis excluding
vegetable soup, and the results remained non-significant [unstandardized beta: -0.001
mmHg (95%CI: -0.004; 0.003), p=0.728 for DBP and unstandardized beta: 0.002

13

mmHg (95%CI: -0.002; 0.007), p=0.318 for SBP] (data not shown), suggesting that in
our data, the inclusion of vegetable soup was not a significant contributor to an increase
in BP.
This study has several strengths that should be highlighted. First, the
longitudinal design of our study allowed to explore the associations between fruit and
vegetable intake and BP over time. Second, the adjustment for major potential
confounders including anthropometry, cardiorespiratory fitness, socioeconomic status,
pubertal stage, energy intake and dietary intake, misreporting, which can account for
part of the determinants of BP. To the best of our knowledge, this is the first study that
accounted for all of these variables, including a valid and accurate cardiorespiratory
fitness field test [22], which offers evidence about the independent impact of fruit and
vegetable intake on BP. Third, the non-inclusion of fruit juice in the whole fruit intake
is an additional strength, since recent studies found positive associations between
habitual fruit juice consumption and BP [16].
The present study has also limitations. The dietary intake data, using a selfreported semi-quantitative questionnaire cannot control for reporting bias, and
adolescents had to be highly motivated to recall food consumption [15]. Nevertheless,
adolescents had oral instructions about FFQ from the data collectors, which may have
improved quality of the information gathered. In addition, we adjusted the analysis for
misreporting, preventing at least in part, reporting bias. In our study, vegetables intake
included vegetable soup, is likely to reflect an overestimation of vegetables
consumption, due to the significant water content of vegetable soup. Nonetheless, even
when performing analysis excluding vegetable soup from the total vegetable intake, the
associations with total vegetable intake and BP remained non-significant. Another
limitation is related to the measurement of BP. It is known that BP changes during the
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day, and that an isolated measurement may not represent a person’s usual BP. Moreover
we did collect biomarkers to validate dietary intake.
Our study supports the concept that fruit consumption may influence BP,
independently of several confounders. Monitoring health and environmental conditions,
as well as lifestyle, early in adolescence may have a positive impact in BP in later
adolescence. Although no significant results were found for vegetable intake; vegetable
consumption should continue to be encouraged among adolescents as its benefits go
beyond BP.
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Rodrigues S, Lobato L, et al: Inquérito Alimentar Nacional e de Atividade Física IAN-AF
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Table 1 – Participants’ characteristics.

Age (years)
Diastolic BP
(mmHg)
Systolic BP
(mmHg)
Anthropometric
variables
Height (m)
Weight (kg)
BMI (kg/m2)
Waist
circumference
Socioeconomic
status
Fruit (g/day)

Baseline
14.4 (1.8)

All
N=606
Follow-up
16.4 (1.8)

Baseline
14.6 (1.8)

Boys
N=314
Follow-up
16.6 (1.8)

64.1 (8.1)

60.2 (8.2)a

63.9 (8.3)

60.6 (8.3)

64.2 (7.8)

59.7 (8.0)

120.0 (13.6)

116.8 (11.9)a

122.0 (14.5)

120.3 (12.1)b

117.8 (12.1)c

113.0 (10.4)b,d

1.6 (0.1)
55.1 (12.8)
21.2 (3.6)
72.9 (9.8)

1.7 (0.1)a
61.3 (12.2)a
22.1 (3.5)a
75.8 (9.5)a

1.6 (0.1)
57.5 (14.2)
21.2 (3.6)
74.1 (9.9)

1.7 (0.1)b
65.0 (12.8)b
22.0 (3.5)
77.2 (9.4)

1.6 (0.1)c
52.6 (10.5)c
21.2 (3.7)
71.6 (9.5)c

1.6 (0.1)b,d
57.4 (10.0)b,d
22.2 (3.6)
74.3 (9.3)d

6.5 (1.6)

-

6.3 (1.7)

-

6.6 (1.5)

-

223.2 (132.3
(380.1)
273.7 (121.6;
473.4)
375.8 (224.3;
605.7)

202.3 (115.6;
353.6)a
263.5 (140.4;
419.4)a
489.8 (313.9;
753.4)a

210.4 (125.5;
376.2)
245.5 (107.8;
458.3)
369.5 (225.4;
590.2)

191.4 (111.5;
345.2)
236.8 (124.7;
378.8)
463.6 (305.1;
631.6)

246.9 (140.9;
386.8)
292.0 (131.4;
497.5)
383.7 (223.1;
629.3)

212.1 (122.1; 357.4)

Baseline
14.2 (1.7)c

Girls
N=292
Follow-up
16.2 (1.7)d

Vegetables
297.4 (151.6;
(g/day)
471.8)d
Fruit and
532.3 (328.1;
vegetables
827.6)d
(g/day)
Cardiorespirator
42.5 (6.6)
42.2 (7.7)
45.8 (6.3)
46.5 (7.0)b
39.0 (4.8)c
37.6 (5.3)b,c
y fitness –
VO2max
(mL/kg/min)
Results from ANOVA with repeated measures. All variables are expressed as mean (SD) except for fruit and vegetable consumption that are expressed as median (P25-P75).
a) significant differences over time in total sample (p<0.05); b) significant differences over time between sexes (p<0.05); c) significant differences at baseline between sex
(p<0.05); d) significant differences at follow-up between sex (p<0.05)

Table 2 Results of GLM for the association between baseline fruit and vegetable intake and blood pressure at follow-up.
DBP

Whole fruit (g/d)
Vegetable (g/d)

Girls
B (95% CI)
-0.005 (-0.01; 0.0002)
-0.0004 (0.004;0.004)
-0.003 (-0.002;0.002)

p
0.038

Boys
B (95% CI)
-0.0003 (-0.004;0.003)

0.861

0.001 (-0.002;0.005)

p
p

SBP

0.866

Girls
B (95% CI)
-0.004 (-0.01; 0.002)

p
0.170

0.462

0.002 (-0.003; 0.007)

0.389

Boys
B (95% CI)
0.0004 (-0.005; 0.006)

p
0.888

-0.0004 (-0.005;
0.884
0.004)
Fruit and
0.484 0.001 (-0.002;0.004)
0.490
-0.001 (-0.005; 0.004) 0.802 -0.0003 (-0.004;
0.987
vegetable (g/d)
0.004)
Adjusted for whole fruit and/or vegetable consumption), age, height SDS, waist circumference SDS, socioeconomic status, pubertal status, cardiorespiratory fitness,
misreporting, total energy intake, potassium, sodium and baseline measure of the variable of interest.
g/d means gram/day. B- unstandardized Beta.

Assessed for eligibility
(n = 1678 adolescents)

Participated in the study
(n=1229 adolescents)

Excluded (n = 449)
- Not meeting inclusion
criteria (n = 50)
- Refused to participate (n =
399)

Excluded (n = 212)
- Not completed baseline
assessment (n = 212)
Baseline assessment in 2011
N=1017

Final assessment in 2013
N=734

Analysed
N=606
Excluded from analysis because missing of
dietary intake (n = 128)

Figure 1 Flow-chart of participants.

Lost to follow-up (n = 283)
- Moved to another school (n
= 283)

